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IBTBOBUCTIOB 



The teats described in this report wore made on a 
l/S-full—slse model o'f 'a largn, lone-rnngo, twla— engine 
flying bopt in KACA tank no. 1. The airplane had a wing 
loading of 43.9 pounds 'p(>r square foot and a power loading 
of 11.5 pounds per horsepower. Its arrangement was such 
that 34,2 pprcnt of thp wln« area and 56.1 percent of thp 
horlsonttl tall arfia wpr^ included within the fore— and— aft 
projection of the propeller disks. 

Thfi model was fitted with leading— fdgp alfits to mak<» 
thp anglo of attpck for r.pxiinum lift coffficl.'»nt correspond 
with that of th^* airplane at the low Reynolds numher asso— 
elated with the tpnk tests (3.38 x 10 based on the mepn 
aerodynamic chord and the gc-t~r-.\fpy speed of the model). The 
model was equipped with two three— blade metal propellers of 
scale diameter and form, power for which was furnished by 
two var lable— frequency alternat ing— curront motors. Suffi- 
cient power was available to develop scale thrust with the 
pr ope Hers . 

Tht* tests were divided into two parts: (l) aerodynamic 
tests to determine the effect of the slipstream and thrust 
from the powr>red propellers on the lift and t r Immlng— moment 
char RCtcr Istics , and (S) hydrodynamlc tests to determine the 
effect of the powered propellers on the range of stable lo- 
cations of the center of gravity. 



ASBOSYHAMIC TESTS 



Aerodynamic tests were made by suspending the model 
above the water with the trim axis at a height that allowed 
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a small clearance , of the'atern poet at a trim of 16*^. The 
trim axle was located at the point corresponding to the 
position of the center of gravity at 25— percent mean aero— 
dynpmlc chord and the trimming— moment coefficients were 
measured about this axis. All aerodynamic data were obtained 
at a constant speed of 45 feet per second. 

In tank tests of powered models, tho effects of power 
arp assumfrd to be approximately simulated by dlmenslonally 
scaled propellers turning at a speed that will cause the 
propellers to develop scale thrust. In the case of the 
present model, the values of thrust assumed and the corre- 
sponding propeller speed, as determined from a calibration 
of the model propellers In a wind tunnel, were as follows: 

Propeller speed 
(rpg) 



Zero thrust 0 

One-half of seal" thrust at 7^35 fps (model) . , 42C0 

Full static thrust 4700 

Full thrust at 7s: 60 fps (model) 5300 

The curves of aerodynamic lift coefficient against 
trim end tr Imulng— mocent coefficient glv^n in figure 1 
show that the change from zero thrust to one— half of scale 
thrust has a rnlatively greater effect on the aerodynamic 
characteristics than the change from one— half of scale 
thrust to fulx thrust. Also, the curves show that the dif- 
ferences "betwoen the characteristics with propollers turn- 
ing at 4700 rpm and at 5300 rpm are negligible. The last- 
mentioned conclusion is significant In that continuous 
adjustnent of the propeller speed of the model during an 
accelerated run appears unnecessary for simulating the vari- 
ation of thrust with speed of the full— slse propellers. 

HYDaOSYUAMIO TSSTS 



Details of the test procedure used to determine the 
range of stable locations of the center of gravity may be 
found in reference 1. 

Figure 2 shows thr> large difference in tho stable 
rangp between half— thrust and full— thrust conditions. For 
the hydrodynamic tests, full thrust was represented by a 
propeller speed of 5000 rpn. Thp principal effect of In— 
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^creasing the thrust froQ half (4200 rpm) to full (5000 
rpu) is to Bhif% "both the forward- -and the after llatlts of 
stability af.t. The after limit is moved' -eft to a much ■ 
lesser degree that the forward libit. 

^<^ 

'^i Throe effects of power arp involved in the location 

iJ of the etn'ble range of the canter of gravity. First, i 

tho slipstrenia over the wing causes an Increase in the } 
lift and a dncreese in the lor-d on the water. The trim i 
limits of stahlllty are thus rnised to higher trius. (See''' 
reforenc** 1.) Secont', th** thrust produces a nose— down 
uomrnt ; this effect is prohahly the most Important in d?— 
tr>ruining th** rangd of stable locations of the center of 
gravity. Third, the slipstreau on the tail changes the 
moment produced by the tnll and increasoe th'' 'Effective— 
n^BB of thn elevator. 



CONCLUSIONS 



1. When the hydr odyaeiui c stability of p. flying boat 
is fleteruined by nnana of teste of e c!yn»iMic uoflfil, the 
scftle thr\iBt shculd, If pceelble, be dovi^lopod by ;jocnB of 
operrting propnllere of at lei.st appr oxi-ate ly ecnlo dlnn— 
etor. On a uodel of c long— r^nge flyinf; bO".t of conven— 
tijnal deelgn, Inrgo increases In wing lift anc'. tail momont 
may be oxppcti»d to follow th« use jf powered propellers. 

In rdriltlon, the thrust m^rjent c ons i e.er nb ly chf-.ngea the 
trims asBUced by the flying bjr.t. These effects gre--tly 
influence the width of the rj^.ige of stable locations of the 
center of gravity. 

2. Vith the present QRthj(*s of determining the stabil- 
ity of dynamic models, exact slmulaticn of full— size vari- 
ation of thrust with speed is unnecessary. 



Langley Memorial Aeronautlcel Laboratory, 
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Langloy S'lold, Va. 



BBFEEEKOIB 



Olson, Soland 2., and Land, Noraan S,- The Longitudinal 
Stability of Flying Boats as Deterninad "by Tests of 
Models in the NACl Tank. I - Methods Used for the 
Investigation of Longitudinal~'Stability Characteris- 
tics. NACA A.H.E,, Nov. 1942. 



flACA 



2.6 



2,4 



2.2 



2.0 



1^ 
o 



4J 

a) 
o 

•H 

'■H 
05 
O 
O 



•H 



1.6 



1.6 



1.4 



1.2 



1.0 



Propeller speed, 
- 5500 rpm 

f5 700 rj>u: 

4200 rpm 

Pov/er off 



Fig. la 




-Figure ](a,'b)- Effect of powered prciDellers on the aerodynamic 
I characteristics jf a dynamic model. 
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Effect of poTtirud prrpellers cn the liniits of stable 
locations of the centar of gravity of a d^/namic 
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